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Introduction
The most common rodents in Central European arable 
landscapes are the herbivorous common vole (Microtus arva-
lis, Pallas 1778) and granivorous mouse species. Although our 
knowledge of the most common mice species in agricultural 
landscape, the wood mouse (Apodemus sylvaticus, Linnaeus 
1758), is extensive, there is far less information available on 
the pygmy field mouse (Apodemus uralensis, Pallas 1811), 
which, under some conditions, can be more abundant than the 
wood mouse. This is due, in part, to the species’ absence in 
Fennoscandia and the British Isles (Panteleyev 1998), where 
rodent communities with dominant wood mouse, have been 
widely studied (e.g., Loman 1991, Tattersall et al. 1999, Todd 
et al. 2000, MacDonald et al. 2007, Broughton et al. 2014). 
The Czech Republic represents the western-most border 
of pygmy field mouse distribution (Storch 1999, Cichocki et 
al. 2011). According to Hoofer et al. (2007) and Cichocki et 
al. (2011), the pygmy field mouse does not form dense popu-
lations; our own observations, however, show that changes 
in population size can be rapid, in both time and space. In 
fact, populations can achieve high densities and the species 
may become the dominant rodent species for a time, though 
it may then be absent from the same region for some time 
(Heroldova et al. 2004, Janova et al. 2016). Set-aside plots 
are the preferred habitat of the pygmy field mouse (Zejda and 
Nesvadbova 1996, Heroldova et al. 2005) and the species 
is generally granivorous (Holisova et al. 1962, Heroldova 
1994), as reflected in the length of its gastrointestinal tract, 
which is generally shorter than that of herbivorous voles 
(Heroldova and Janova 2018). Though it is generally known 
that food quality plays a key role in population specific traits 
such as body size, reproduction rate, population dynamics 
and life history (e.g., Hansson 1979, White 1993, Sibly and 
Hone 2002, Wereszynska et al. 2007, Forbes et al. 2014), we 
know practically nothing about food quality parameters of 
pygmy field mouse populations.
In this study, we undertook a wide-ranging study on the 
effects of food quality on the pygmy field mouse. In doing so, 
we compare the dietary quality of pygmy field mice with oth-
er sympatric mouse species- wood mouse and yellow-necked 
mouse (Apodemus flavicolis, Melchior, 1834) and the com-
mon vole. Secondly, we assess which external and internal 
factors influence the quality of the food consumed by these 
rodents. For this, infrared reflectance spectroscopy (NIRS) 
was used. This method was originally developed and vali-
dated for the estimation of nitrogen content (NC) in rodent 
stomachs (Cepelka et al. 2014, Janova et al. 2015). 
Material and methods
Population sampling
In the set-aside plots, sampling was undertaken in January 
2001 and then monthly between May 2001 and September 
2003 within the agricultural landscape surrounding the vil-
lage of Drnholec (48° 53′ 30″ N, 16° 27′ 30″ E) in the South 
Moravian Pannonian lowland of the Czech Republic. In addi-
tion, rodents sampled irregularly from winter wheat and win-
ter rape fields adjacent to the set-aside plots between March 
and September were used (for more details about trapping ef-
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fort see Table 1). As wheat and rape fields are non-typical habi-
tats for pygmy field mice, the number of individuals captured 
was relatively low. Hence, as a second step, we also included 
individuals caught in wheat and rape fields surrounding the vil-
lage Nosislav (49°00’77″ N, 16°65’72″ E), approximately 20 
km from Drnholec, between 2008 and 2009 (Table 1). All sam-
pling was performed using snap traps baited with fried wicks 
and exposed for one night in lines of 100 traps 3 m apart. 
We defined the population size during each trapping session 
as relative abundance, i.e. the number of individuals caught per 
100 trap-nights. Numbers were recorded as total abundance 
(i.e., total number of individuals of all species), which reflects 
the total impact of rodents on local food and environmental re-
sources, and species-specific abundance (i.e. the relative abun-
dance of pygmy field mice and common voles separately). The 
species relative abundances of pygmy field mouse and com-
mon vole ranged from 0 to 44 (for detailed information about 
relative abundance in set-aside plots, see Fig. 1). 
All individuals captured were sexed, measured and dis-
sected. The age of each individual was assessed as adult or 
sub-adult, based on signs of breeding activity (adult females 
have embryos or placental scars, males have testes larger than 
7 mm and enlarged epididymis). 
Food analysis
The successional set-aside plots where sampling took 
place were all previously alfalfa fields, sampling taking 
place three years after the last crop. Vegetation consisted of 
weed species with some self-seeded alfalfa, which gradu-
ally decreased in biomass over time. The dominant weed 
species were chickweed (Stellaria media) and shepherd’s 
purse (Capsella bursa pastoris), followed by tumbleweed 
(Amaranthus retroflexus), lambs quarters (Chenopodium 
album), false mayweed (Matricaria maritima), dandelion 
(Taraxacum officinale), horseweed (Erigeron canadensis) 
and brome grasses (Bromus sp.). Around 48 weed species in 
all were recorded in a similar later succession plot (Heroldova 
et al. 2005).
Table 1. The number of individuals, trapping sessions (No. of trapping sessions) and traps per session (No. of traps/session) analysed 
from set-aside (Drnholec), wheat and rape fields (Drnholec + Nosislav). Values for nitrogen content (NC) are in g/kg of dry biomass.
Habitat Locality
No. of 
trapping 
sessions
No. of traps/
session
Species No. total NC ±95% range NC median
Set-aside Drnholec 30 300 Pygmy field mouse 205 104-466 247
Common vole 383 199-433 309
Wood mouse 35 100-448 249
Yellow necked mouse 8 182-397 299
Wheat Drnholec+Nosislav 6+9 150+100 Pygmy field mouse 17 82-409 216
Common vole 46 152-366 245
Wood mouse 37 18-476 243
Rape Drnholec+Nosislav 3+11 100+100 Pygmy field mouse 15 142-554 206
Common vole 19 195-515 287
Wood mouse 65 100-596 311
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Figure 1. The relative abundances (number of individuals per 100 traps) of pygmy field mouse (solid line) and common vole 
(dashed line) in the set-aside plots.
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Primary dietary analysis for the pygmy field mouse and 
common vole, undertaken according to Holisova and Obrtel 
(1984), is presented in a separate study (Heroldova and 
Janova 2018). Overall, seeds (especially lambs quarters and 
tumbleweed) dominated pygmy field mouse diet throughout 
the year, with chickweed preferred in spring. In addition, 
the mouse also took crop seeds from neighbourhood fields 
just after sowing and harvesting. For voles, the green parts 
of plants dominated throughout the year, with alfalfa being 
replaced by the green parts of weed species as succession pro-
gressed. In winter, the diet shifted to grasses and roots. 
Estimation of food quality
Following dissection, each stomach was removed and 
dried. NIRS analysis was then used to estimate NC on the 
larger samples, i.e. larger than the NIRS detection window 
and thick enough that a light beam would not penetrate. 
The samples were then repeatedly scanned (each 50×) with 
a Nicolet Antaris II FT-NIR near infrared spectrometer 
(Thermo Scientific, USA) over a 1100-2500 nm wavelength 
range, thus covering the complete physical and chemical 
composition of the samples. These samples were calibrated 
based on 34 stomachs simultaneously analysed by the classic 
Kjeldahl method, the calibration model being based on a least 
square regression of both chemometric and NIRS samples. 
Twenty independent stomach samples were used for calibra-
tion validation and verification. For further details on calibra-
tion and verification, see Janova et al. (2015) and Cepelka et 
al. (2017). Food quality was expressed as the percentage of 
total NC (NC = N*6.25) in total stomach content dry matter 
(according to AOAC, 1990). 
Statistical analysis
We examined pygmy field mouse diet quality by three 
viewpoints.  First, we analysed diet quality in relation to indi-
vidual and environmental parameters in the mouse population 
from set-aside plots, where the sample size was large enough. 
This was done also for the numerous sympatric common vole 
population. Secondly, we compared pygmy field mouse NC 
with that of other mice species in the same habitat. Third, we 
compared the differences in NC of pygmy field mouse and 
other more abundant rodent species between habitats.  
The analysis of influence of individuals and environ-
mental parameters on NC values of pygmy field mouse and 
common vole population takes place in two steps. During the 
first step, the effect of all consequent variables on NC was 
analysed in one model using a multivariate generalised linear 
modelling (GLM): “species” (pygmy field mouse and com-
mon vole), body length, sex, age, date, year, total abundance 
and species abundance. From this analysis, the effect of the 
species was figured out.  During the second step, we com-
puted the same GLM analysis but for each species separately 
using the same variables except the species. The use of GLM 
was justified by the normal distribution of NC values.
The relatively high number of other mouse species in 
the set-aside plots, particularly wood mice and the yellow-
necked mouse, enabled us to undertake a rough comparison 
of NC values with those of the pygmy field mouse. We ana-
lysed it only by one-way ANOVA, where the influence of 
only the one variable–species–was analysed as a predictor of 
NC values. 
We also used one-way ANOVA (with only one variable-
habitat) to assess variance in NC between habitats (i.e. set-
aside, rape and wheat fields) for the three dominant rodent 
species separately (pygmy field mouse, common vole and 
wood mouse). First, data from Drnholec were used only, 
then the sample size was increased by including data from 
Nosislav. The Tukey post-hoc test for detailed analysis was 
used where the effect of habitat was significant. 
All analyses were undertaken using the Statistica 6.0 soft-
ware package (Statsoft Inc. 2012).
Results
Based on results of detailed multivariate analysis of pyg-
my field mouse and common vole populations in set-aside 
plots (with variables species, body length, sex, age, date, 
year, total abundance and species specific abundance), a sig-
nificant difference in the quality of food consumed by both 
species was found (effect of species: χ2 = 66.238, p < 0.0001; 
Table 2, Fig. 2). Pygmy field mouse has a diet with lower and 
more variable NC values than common vole.
In the detailed species-specific multivariate analysis, we 
detected a weak effect of date, however no other variable had 
a significant effect on pygmy field mouse food quality (Table 
2). In late spring and early summer, there was a noticeable 
decrease in NC in pygmy field mouse stomachs (Fig. 3). For 
the common vole, only total abundance showed any effect on 
food quality, with NC highest in extremely low abundance 
populations, low at medium abundance and high in more 
abundant populations (Fig. 3). 
The results of the diet quality analysis of mice species 
shows that there was no significant difference in NC between 
pygmy field mice, wood mice and yellow necked mice in set-
aside habitat (GLM: χ2 = 1.956, p = 0.376, Fig. 2). 
Table 2. The effect of variables on nitrogen content in stomachs 
of pygmy-field mice and common voles (species relative abun-
dance = rA species; whole rodent community relative abundance 
= rA total). Results based on generalised linear model analysis.
Pygmy field mouse Common vole
χ2 p χ2 p
Date 0.050 0.169 >0.10
B. length 0.914 >0.10 0.331 >0.10
Year 2.229 >0.10 4.358 >0.10
Sex 0.156 >0.10 2.126 >0.10
Age 0.133 >0.10 2.534 >0.10
rA species 0.011 >0.10 0.658 >0.10
rA total 0.726 >0.10 7.640 0.006
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According to habitat, there was a significant difference 
(GLM, χ2 = 33.998, p < 0.0001) in NC for common voles living 
in different habitats (set-aside, rape and wheat) at Drnholec, 
but not for pygmy field mice (GLM, χ2 = 4.478, p = 0.106, 
Fig. 2). While sufficient number of wood mice individuals 
were only available from the wheat field and set-aside plots, 
NC also differed between these habitats as it was higher in set-
aside (GLM, χ2 = 11.938, p < 0.05). After increasing the sam-
ple size by including samples from Nosislav, the difference in 
food quality between crops (habitats) was significant for both 
the common vole (GLM, χ2 = 38.755, p < 0.0001) and wood 
mouse (GLM, χ2 = 13.750, p < 0.05), but not for pygmy field 
mice (GLM, χ2 = 3.310, p = 0.191, Fig. 2). Tukey post-hoc tests 
revealed that the ascertained differences were caused by the 
lower NC of individuals collected from wheat fields than those 
from rape and set-aside fields in all cases (Table 3). 
Table 3. The differences between NC in crops for pygmy-field mouse (AU), common vole (MA) and wood mouse (AS) (Tukey Post-
hoc test; p < 0.05:*, p < 0.001: **, not significant: ns, not analysed: -) in Drnholec only (lower semimatrix) and Drnholec + Nosislav 
(upper semimatrix). 
                  Drnholec + Nosislav
Set-aside Wheat Rape
Set-aside - AU ns, MA **, AS ns AU ns, MA n, AS ns
Only Drnholec Wheat AU ns, MA**, AS** - AU ns, MA*, AS**
Rape AU ns, MA ns, AS- AU ns, MA*, AS- -
Figure 2. Values for nitrogen content (NC; in g/kg of dry biomass) in the stomach of the three dominant rodent species in the 
three study habitats (box plots: 25-75% range, central points: median).
Figure 3. Variables having a significant effect on nitrogen content (NC; in g/kg of dry biomass) in pygmy field mouse (date) and 
the common vole (total relative abundance). Data based on generalised linear model analysis (box plots: 25-75% range, central 
points: median). 
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Discussion
In this study, we examined the food quality of pygmy field 
mice with regards to environmental and population factors 
and compared these data with the food quality of other rodent 
species. Overall, pygmy field mouse diet did not vary from 
that of other mouse species, though they had a lower qual-
ity diet than herbivorous voles in set-aside plots. Generally, 
rodent food quality is not much dependent on individuals and 
external factors. Pygmy field mouse diet quality was affected 
only by season unlike the food quality of sympatric common 
vole, which is not so seasonal, but is more affected by popula-
tion density. 
Mice in general display high variability in the levels of 
stomach NC due to their wide food spectrum (Cepelka et al. 
2014, Janova et al. 2016). The poorer quality diet in this study 
concurs with the results of diet analyses of stomach content 
undertaken in the same set-aside plot (Heroldova and Janova 
2018). In general, pygmy field mice prefer starchy, carbo-
hydrate rich and oily seeds. In the set-aside plots, they con-
sumed weedy herbal species, such as lambs quarters, tumble-
weed, chickweed and shepherd's-purse, tended to dominate in 
the set-aside plots. These seeds contain approximately 20% 
NC, while grassy weeds contain only 11% NC (Zeman 1995). 
Occasionally, mice ate wheat grains or sunflower seeds taken 
from the neighbouring fields, which contain about 14% and 
17% NC, respectively (Zeman 1995). Our own observations 
suggest that mice partly peel the grains and eats inner parts of 
seeds, which have more starch and oil, bus less protein, which 
even decrease consumed nitrogen values. 
The diet of common vole, on the other hand, was dom-
inated by the green parts of nutritious alfalfa (mean NC = 
21%) at the beginning of set-aside succession, and later by a 
variety of weeds (e.g., dandelion) with high nutritional values 
(NC = 23%). Grass (NC = 11%) and roots (NC = 22%) were 
consumed in winter (Heroldova and Janova 2018). Our own 
observations show selective consumption of plant species and 
of the most nutritious parts of the plants available (Heroldova 
and Janova 2018). In some cases, we observed immature 
seeds being consumed by common vole alongside the green 
parts of the plant; which are especially rich in nitrogen (Moir 
2010). Similarly, the leaves of leguminous plants have higher 
protein levels than most cereal grains (Moir 2010), which 
may well explain the more nutritious diet of common voles 
compared to pygmy field mice. 
In agreement with the results of previous studies, we 
found no relationship between body length, sex and age on 
the quality of food consumed by pygmy field mouse or com-
mon vole (Palo and Olsson 2009, Janova et al. 2015), despite 
some studies observing improved food quality in breeding or 
sub-adult animals (Migula 1969, Obrtel and Holisova 1982, 
Cepelka et al. 2014). 
Date was a significant factor affecting the quality of food 
consumed by pygmy field mice, but not for voles, as also not-
ed by Janova et al. (2016), who recorded a stronger influence 
of season on mouse food quality compared with voles. The 
likely cause of this is the greater variability in mouse diet, 
which takes advantage of seasonal supply changes through 
the year, while the green biomass consumed by voles tends to 
vary little (Zeman 1995). As such, the low availability of ripe 
seeds in late spring and early summer results in lowered NC 
values in the diet of mice. 
In this study, low-density vole populations (up to 4.5 in-
dividuals per 100 traps) exhibited extremely high NC values, 
probably as individuals had a wider food choice and little or 
no competition for food. As population density grew, NC also 
increased, in line with observations that in higher population 
densities is increased reproduction and better quality food 
is consumed (Butet 1996, Wereszynskaet al. 2007, Palo and 
Olson 2009, Forbes et al. 2014, Janova et al. 2016). 
In general, rodent food quality differs with habitat (Janova 
et al. 2016), as reflected by the quality of vegetation cover. 
Wheat fields (seeds and wheat green biomass) provide a 
much lower NC content than rape and set-aside plots (Zeman 
1995), though this was only reflected in the diet of common 
voles and wood mice and not pygmy field mice. This was 
almost certainly due to the relatively low pygmy field mouse 
sample size from the wheat fields, which prevented meaning-
ful statistical analysis despite a clearly lower NC level from 
the wheat fields (Fig. 2). On the other hand, we were able to 
confirm that the food quality of pygmy field mice is similar to 
that of other mouse species living in the same habitat.  
Overall, our results indicate that the food quality of pyg-
my field mice is comparable with that of other mouse species 
but differs from that of herbivorous voles. For both herbivo-
rous common voles and granivorous mouse species, however, 
food quality is clearly dependent on habitat and season, with 
quality varying over time as food availability changes.
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